
information signal and for performing one of a reproducing 
operation and a recording operation on said discs ; and 

a system controlling means coupled to said signal processing 
means for controlling generation of the output signal of said 
signal processing means . 

d — ■ 

REMARKS 

At the outset, the l^plicants wish to thank the 
Examiner for the courtesy shown to them and their attorney during 
a personal interview on August 2, 2000. During this interview, 
the above amendments to the claims were discussed, with the 
exception of new claim 48 . 

In addition to the claim amendments, this Preliminary 
Amendment makes formal changes to the drawings and specification. 
The changes to Figs . 4A and 4B correspond to drawing changes in 
the parent reissue application and are supported by the originally 
filed specification of the present continuation reissue 
application which refers to respective focal distances FD and 
working distances WD" of Figs. 4A and 4B. The specification has 
been amended to correct typographical errors in the original 
patent . 
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Entry of the above amendments and early and favorable 
consideration of this application in the form of a Notice of 
Allowance are respectfully requested. 



JEL/att 
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2jB a plan view showing an arrangement of a main 
section of the embodiment FIGS. 3A and 3B are per- 
q>ect>ve views of cartridges of optical discs in the ra- 
DodimMif 



In FIGS. 1 to 3A 3B. referace amncral 1 de- 
notes a Tint or seoind optial disc. ThicJmesscs of disc 
snbstm« of both of the first and second opticaJ discs 
•re difrereat. Reference amneral 2 denotes a cartridee 
which encloses the opticaJ disc 1 and protects. The 
canndge I ts made of plasrics or the like. Rdcrcace 
nmncrai 3 deaotcs a first optical head and 5 iadicates a 
Jccoad optical head. Each of the opticaJ heads E$ coa- 
itructed by a convergiag optical [system] unit 

objccave Ie=s; a seaicooducwr laser; a photo detector- 
a beam sphncr; and the like (ail of the above cotapoi 
nenu are not show^). Each of the opdcaJ head dc'ecis 
an miorsation sigsaj, a focaing error signal, and a 
trackiag ;.-Tar sigraJ which have been recorded oa th- 
opacal disc 1 on basis of an intensity or an ictensitC 
distnbut:ca of the reflected lights of a laser bean: L-radi- 
ated onto the optical disc 1 and geserites a photo de'e-- 
non signal to the outside. An infor=acian sigaal is re- 
corded onto or erased from 'Jie optical disc 1 by modu- 
Uting an ateasity of the laser beam. Both of ±e opticaJ 
heads have bases tc hold the above optical devics and 
acniatorr. A reproduction iafonaaticn signai. a focusinz 
error signal, and a -.-acking error sigraJ which arc gent 
crated froa Lhe photo detector of the first octicai head 
3 are ex?.--ssed by S,. Fj. and T,. resoecaveiy. Similar 
signals which are generated from the photo detec^r of 
the second opucal [disc] head 

_ S are aiso expressed by Sz. Fr, 

Ts. respectively. Reference numeral 4 den'otes a 
first Uneor motor which is arranged below ±: opdcai 

direcaoa of the disc m paraUei with the disc surface. 
Rete.'e.-jce auaerai 5 denotes a second linear actor 
whidi -s arranged "^ciow .Jie opdcai disc 1 so as IZ 
the first linear motor + and aioves the second opdcai 
Head 5 m a manner similar to the firn optical head 3 

Ai shown in FIG. 2, the second linear cctcr 5 'is 
«i_«ndcd until the funher ouaide of :he ome.-^cst pe- 
tipoeraJ pcrjon of the opdcai disc L Taercfore. whVn 
the second optical head 5 moves to the oute.-most side 
the opuca: head 5 is projected irotn the lower s^inace of 
.the opncal disc Reference numeral 7 dczotes a disc-l:^- 
laauon acle formed on -Jie su-tace of ■■-.c carr-^d- f 
.^.le ci-ridge in the embcciment -a-'UI now l^' dc- 
scr.t>ed wich refcre.nce to FIG5. 3A and 3B T- --is- 
cnmmaticn hole 7 is closed in ie case whe- ih- -^-v^ 
disc I ecc^osed in the =anr:d5t is the .T.-st oodcir disc 
shown m rlG. 3A and is open a ±c case where -t is 
wxond opt'.cai disc shown in .=TG. 33. .Re-- — ce nu 
=c.-al 23 denotes a slide shur.er. SL.ce ie oodLi di^' 
tppararus =f the embodiment has r*o optical heads, r^o 
slide sbur.er, are prov-idcd. When the ^a.-t.-c— ar- 
removed frcm uhe optical disc apparatus. :hz sUcTshut' 
t« ire ci«ed to protect :he ate.-nai discs frcci dusts 
Ke;erence numeral 3 de.tctes a ughr mifin; -'^od- 
(heremaite.-. abbreviated to an LED) which is arrai-":-^ 
» as :q be located over ie disc™aticn bole 7 w'-I- 
the canrrdge 2 has been loadid into -J-.e optical dil^ 
appaxans of the emoodimecL Re:er=ce aum-al 9 
denotes a p_hoio diode arranged at a position so as to 
?!! * «r--id5e 1 rne photo 

d'ods 9 gene.-aces a detecuon signal -.o a jystem ccr.troi- 

Icr — . wruch will be zxsUined hc.-=L^lJt^r R-" c- 

aume.-ai 10 denote; a iini selector for ^ect-I.-ig'^'tl-- 
one of the first group of photo dstection lignaJs (S,. F;", 
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^nal m accordance with the signal Fj and supplies to 
the actuator of the second optical head 5 through the 
thud selector 14, thereby eliminating the focusing error 
The hnear motor control dreuit 15 generates the driv^ 
mg curroit to the linear motor 6 response to tte 
control signal from the iq^tem caitroUer 22, ther^y 
moving the second apticaJ head 5 in the inner or outer 
tim drecaon of the opiicaj disc L The spindle asatroi 
dfcuit 17 cxtraca a clock component from :he infonaa- 
tion signal Si and controls the spindle oiotor 18. thereby 
routing the optical disc 1 at a coasunt linear velocity 
(CLV) or a constant angular vdocir/ (CA V) or Uie like. 
The rignal processing circuit 19 zxvntes dgnai pro- 
cesses such 13 dcaodulation, decodbg, and ±e like to 
the inforaadon signal Sz in ±e reproducing sode and 
generates ro the outside as audio or video sigr.ais or the 
liie. On the other hand, the sigsai processus ~^c*-iit 19 
executes signal processes such as cacodtag, soduiation, 
and the lilce to the audio or video rignals or the liie 
which have been supplied from the cucside in ±e re- 
cording mode and generates co the LD driv-izg circuit 
20 as a recording signal. Until ihe canridgt 2 is [loaded]. 
unloaded 

the second optical head 5 records or reproduces the 
ioformation signal onto/froc: ±c second opticai disc L 
On the other hand, in the case where :he car.-icge 2 
enclosing the firs: optical disc has been leaded ato the 
opticai disc apparatus of the esbocinsr.t. nr.ce the 
discrjnination hole 7 is cicscd. the phcto diode 9 do- 
esn't detect the transmissicr: light. Thsrsfors. the sys- 
tem controller 22 deterrsines that the disc in -Jje car- 
tridge 2 is the foregoing firs: optical disc Tius. the 
controller 22 generates control signais to the .'irs: to 
fifth selectors 10. U, 14. Id. and 21 so as to seiec: the 
tenainals A on the first optical head side. Therefore, the 
semiconductor laser of the first opdcai head 3 is selected 
as an output destination of the driving current which is 
supplied from the LD driving c-cui: 20. The photo 
detKtorof the first optical head 3 is selected as an input 
destination of the crackL-:g control dreuit 11. soc-^inz 
control circuit 13, spindle control drejtr 17, and signal 
processing circuit 15. The actuator of the iL-3: opticai 
head 3 is selected as an output destination of ±s icrua- 
tor driving signals of the tracicng cont.-cl circuit 11 and 
focusing control cL-crit 13. The first linear ircrer *■ is 
selected as an output des^iaatica of ±e drivin; current 
of the linear motcV "control circuit [171 15. 

first optical head 3 irradiates tiie laser bean: and con- 
verges onto the in/crmation iracx on the optical disc 1 
without an aoc.Taticn. Sirsuiuacousiy. the r::'sc-.ed 
lights from the disc are delected and ger.eratec is ±e 
information signal Si, focusing error signal ?:, and 
tracking error signal Ti. The above signals are rjcrtied 
through the firs: selectors 10 :c -.he :=sp«uve rL-cuia 
Tnat is. the sigrtal Si is sucpiisd to th; spindle i:.-.trcl 
circuit 17 and signal processing oircui: 19. Tr.z signal 
Fi is supplied to the focusL-.g coatroi zircu:: 13. Tie 
signal Ti is supciicc to the tracxin; i.Tor deticdng 
circuit 11. Tnc subsequent operadorj ire si:zi;ar to 
those in the case of the second opticci disc ==c::onec 
above. 

In the case where the objecnve Ie.-.s of the Mccnd 
opdcai head is a lens of a high N'A ind i shcr [operating] 
working 

distance, it is necessary to se: an inter-ai xyztr. ±e 
second optical head 5 and :he surface of :h= optica: disc 
1 to be fairly narrower than '.ha: in ie case of first 
optical head [5] 3. 

Therefore, wfiii; '.he fm; optica; iisc is 
loaded, the controller 22 ccntrcis ±e second i-,=cr 
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system mentioned in the second embodimoit of the 
invention together with the first semiconductor laser 
32, the Bm collimatiiig lens 33. the first beam splitter 34. 
and the first mirror 35. The second objectivrjcns^ 
coMtructe ttesecond conVcagjng^op tical system to - 
gether with the Otzt icmiconducMr'iiser 3i the fct 
«^ting Iciu 33. Che firs: beam splitter 34, [and the] 
[first mirror 35] whidi are commooiy used for die first 
converging opticai system. Tie first convergias opncal 
system is mourned onto « common base (not shown) • 
toge^er ^v^th the nrst and second shuRe-T [5] 51. 
ind 52, — 
thereby constructing the founh opdcai iead 50. Since 
the lens holder 39 and the acniator *Q lave the same 
constnicdoa as those in the third optical head 30 in the 
second embodineat their descriptions are omirted here. 
The fourth opticai head 50 is atuchcd to :he firs: [incar 
motor 4. 

The operation of the optical disc apparatus in the 
embodimeat with the above coostricdon wiil aow be 
described hereinbeiow. Tae idad of opdcai disc is de- : 
tested in a manner similar :o the above. Wbea the sys- 
tem controller 22 de:=nnines that the disc in the loaded ■ 
cartridge 2 is the second opticai disc, ±c cantroiler 22 
generates control signals to the firs; acd second shutters 
51 and 52 of ±e founh optical head 50. When the con- ; 
trol.signaJs are suppiied, the .Trst shutter 51 is closed and 
the second shutter 52 is open. In the above stats, the 
laser beam eaiitted from the first seaiccnductor laser 32 
is convened into the parallel beara by the first coUimat- 
ing leas 33 and is divided into the traasciission light and 
the reHected Ught by the first beam splitter 34. Tlic 
tr ansmiss ion light is shut out by the .list shutter 51 via 
the first mirror 35. Consequently, only the reflected 
light passes Oirough the second shuner'52 and is con- 
verged onto the optica: disc 1 by the second objecave 
leas 46. Tne light reflected by the optical disc 1 is again 
converted into the parailel light by the second objecsve 
leas 46 and passes through the second 'scuttcr 52 and' is 
retlected and separated by ±e .niTv beam stjlitter 34 and 
IS converged onto the firs: phcto detecrsr 29 by the fust ■ 
detecting leas 37. ine firs: photo detectcr 38 generates 
the focusing error signal and a:3ckL^g srror signal from 
the converged reiTcctec light of the disc lad rearoduccs 
the infcnaation signal on the disc 7*ae above operations 
are executed until the cartric;: 2 is unicidec. 

Since the operations of the ;lrst Unear — otor 4, track- 
ing conyol drcuit 11, focusing control circuit 13, liasar 
motor control circuit IS, spindle control circa: 17, 
spiadle motor 18, signal jrocessbg circuit IS, LD driv'. 
ing circuit 20, and system controUer 22 are the same as 
those in the optical disc apparatus of ±: foregoing .l.-s; 
embodiment, their descriptions are omitted here. 

On the other rand, if the syswa cantrciJer 22 ds'^er- 
mines that the disc in the loaded cartrcgs 2 is the firs: 
optical disc, the firs: shutter 51 is opecec x.-.d the secccd 
■shuner 52 is dosed. In ±: above rjte. r. ie trar.s:=is- 
lion light and the retlectcd light by the :"_-:: beam rciit- 
ter 34, the reflected light a sau: out by tie sccccd shut- 
ter 52 and only the tra.ns=:ission ught passes through the 
first shutter 51 and is ccnve.-gsd onto -Jte cptical disc 1 
by the first objecave leas 3«. Tae other ope.-aooas are 
executed in a ajanncr siatiiar to those Ln the case of -J-.e 
second optical disc 

As cicnuonec above, accordLng to the embodi- 
ment, L-i addition to the ::Tccts by the second embodi- 
ment, since the .^u-st acc secacd shutters 51 and 52 are 
provided as light flu.T selecting scans, the semiconduc- 
tor lasc.-, coiHmating lens, beam splitter. ds:c=::.-:g !c.-.s. 
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and photo detector in each of the converging optical 
system can be commonly used and the rize and weight 
of the optical head can be reduced. Therefore, assummg 
diat a driving force of the linear motor is the same, die 
improvement of the performance such as reductioa of 
the scsking dme and the like can be realized. 

FIGS. 9A osd 9B jfaow a detailed constnicdonal 
diagram of an opdcai head of an optical disc apparatus 
in the fourth embcdimcat of the inveation. In FIG. 9 A, 
since the optical disc 1, first semiconducar laser 32, 
grsT coilLsacmg less 33, fint beam splitter 34, second 
ofajecave leas *6, first dctesang leas 37, and fint photo 
detecMr 38 are caastr^icted ia a maacer similar lo those 
is the foregoing fourth optical head 50, their docrip- 
aoos are omitted hers. Refcreace aumeral S6 deaotes a 
leas holder to hold the second objecavc leas *6; 57 an 
acniator to which the leas holder 56 is iRached; 54 a 
wave front correcting leas atuched to a slider 55, 
which will be explained hereinJatcr, so that ±e optical 
axis is in parallel with the optical axis of the second 
objecave leas *6; and 55 the slider which suppcns the 
wave front correcting lens 54 and is arranged so as to 
transverse ia the plane which is pe.-pcndicJar to the 
light flax between the first bea= splitter 34 sad the 
second objecave le-is i6, thersby er.aoli2g the wave 
front correcang leas 54 to be soved in such a plane. 
Moreover, such a movable range is se: aj a oosition 
(shown by Pj in the diagram) where the wave front 
correcaag leas 54 is perfectly deviated out of 'Jie light 
flux or a position (shown by P; ia the diagram) where 
the optical axis of the[slider 55] wavefront correcting lens 
54 coincides with the opti- 
cal axis of the second objective lens 46. The ifaove-mea- 
doned component elements are attached to a base (sot 
shown) and constrjct a fix'th opdcai head 53. 

FIG. 9B is a plan view when ihc wave front correct- 
ing leas 54 ind die slider 55 are scea from the direcaca 
of the opdcai axis. Ia the diagram, ie leas 54 is movable 
in the direcaons shown by arrows. The wave front 
correcaag leas 54 has besa designed ia a aaaner such 
that a syuthcac optical system with the second objec- 
tive leas *6 Is idendcai.to the foregoing arst objective 
leas. That is. the le.Ts'"54 has beea desigaed so u to 
correct the aberradon by the disc substrate of the first 
opdcai disc In the fifth opdcai head 53, d:e second 
objecave leas 46 constructs the second coavergiag 
opdcai system menrioaed in the second smbodimsnt of 
the invcadoa together widi the firs: semiconductor 
laser 32, fint coilimating leas 33, a--.d first beam spiittsr 
34 and can be also regarded such t.hat they cciatruc: uHe 
tint converging opdcai system by aidiag ±e wav- 
froat correcang leas 54 a the second ccnvsrgiag cpd- 
cal system. 

Since a whole consrrjcdon of the optical disc apcira- 
tus in the fourth embodiment Ls substandaiiy the same js 
that of the optical disc ippararjs zC the third emoodi- 
meat showa in FIG. 7 meationcd above, its dsscripdcn 
b oiair.ed here. 

The operadon of the opdcai disc acca.'3:us La \h: 
founh smbodimeat with ihe above conrj-jcdoa -j^jI 
now be described hereiabciow \».-i:h respect :o only u-.e 
fifth cpdcal head 53. The kind of optical disc :s de:ec:ed 
in a manner simiiar to the above. If the system control- 
ler 22 deteraiines that the disc in the loaded cartridge 2 
is the second opdcai disc, the controiler 22 gsseratss a 
ccnt.-ci signl to the slider 55. When ths control sigrii 
is supplied, the slider 55 moves the wave front corr^:- 
ing ier.s 54 ;o the posidon ?;. Tne laser beam emired 
from the firs: semiconductor laser 32 is cor.vcrtsd Lnto 



optical system corresponding to the diin disc substrate, 
a tracking error signal cannot be ordinarily obtained 
from an optical disc of a thick disc subsbate due to a 
sp'aaial abcradon of the coaver^ing beam. Conse- 
quently, two opdcai discs having diiTereat thicknesses 
can be discriminated by cheddng the prescncg or ab- 
jeacs of Che tracking error signaL In soch a case, there 
Is an excellent efTec: such that the apparatus is simplliied 
because there is no need to use the detecung means mch 
as LEO and photo diode and the like 

The opcical head in each of the above-described opti- 
cal disc apparatuses has been constructed by a conven- 
tional optical systea using the objesdve lens inade of a 
quartz glass or die like. An opdcal bead in each of opti- 
cal disc apparatuses of eabodimeats. which wul be 
explained hereinlater. diiTcrs from the above opdcal 
head and is constricted by fotTsing in'opdcal rystem 
onus a thin film waveguide. 

FIG. 10 is a block diagram showing i coostrjcdon of 
an opdcal disc apparatus according to the firth embodi- 
ment of the ioveadon. Furdier, FIG. 11 is a schematic 
perrpective view showing a construction of an optical 
head of the optical disc apparatus in the fifth embodi- 
ment of the invendon. Since i construction shown in 
FIG. 10 is substandaily the same as that of die opccal 
disc apparatus in die second embodiment of the Inven- 
don shown in FIG. 5 except diat a sixth optical head ^0 
is used, its descripdon is omitted here. The sixth opdcal 
head 60 shown in FIG. 11 will now be described in 
detail hereinbelow. 

In FIG. 11. reference numeral 1 denotes the same 
opdcal disc as that described in the foregoing embodi- 
ments. Reference numeral 200 denotes an informadcn 
track formed on the optical disc L Reference numeral 

61 denotes a substrate formed by Lil><b03 or the like. 
The substrate 61 is attached to a head base dircugh a 
focusing acmator and a tracking acniator and con- 
structs the sixth opdcal head 60 togedier widi diem. 
Since the focusing actuator, sracking acniatcr, and head 
base which have convendcnally been weil laown can 
be used as those somponen'j, dieir detailed descripdcn 
and the drawings are omitted here. Reference numeral 

62 denotes an optical waveguide formed on the sub- 
strate[51]6i 

by Ti diffusion or die like; 62 a first semicon- 
ductor laser coupled to an sdge surface of die optical 
waveguide 62; and 6* a first waveguide 'ens arranged 
on an opdcal path of die waveguide light which has 
been emitted from die first scmicor.ducrcr laser 53 and 
entered the opdcal waveguide [61] 62. 

For icsacce. a rrzs- 
nel less formed by an elccs'on beam litho^phy can be 
used as a lerj 64. Reference numeral 65 deletes a fir:: 
converging grating ooupier formed on die ocrical path 
of die parailei waveguide light. The coupisr 65 emiu 
the waveguide light to a pcsidcn out of ±: optica] 
waveguide 62 and converge onto die optical disc 1. 
lac first converging gradng coupler 65 i a gracL-.g 
having a chirp (irregular pc.-iod) by a cur/c formed on 
the waveguide by electron beam direct dra\<.v:s cr -.he 
like. Reference numeral 66 denotes a fu^t beam spiitter 
which is arranged berAreen die fu-st waveg-jide ler.s Si 
and die first converging grarjig coupler 45 icd sepa- 
rates the wiveguide light which has been :erj.-=cd L-ito 
the optical waveguide 62 duough die firs; cc.-.vergiag 
gradng coupler 65 after it had been reHectsd by the 
optical disc 1. Reference aucrrii 67 dcr.c:rs a' firs: 
waveguide converging lens which is irrznzzi on the 
optical padi of die return waveguide light which has 
been separaied by the first beam splitter 66 ind con- 
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verges the return light. Reference numeral 68 denotes a 
first photo detector which is coupled to the side surface 
of the optical wav^de €2 and detects the return 
waveguide light which has been converged by the first 
wav^uide coav^ga^ lens 67. 

Similariy, referencs aumeral 69 denotes a second 
semiconductor laser coupled to the edge surface of the 
optica] waveguide 62; 70 a second waveguide leas jt- 
ranged on the optical path of the waveguide light which 
has been eaiiaed from the second semiconducar laser 

69 sad entered the opcicai waveguide [61] 62; 

, tad 71 a sec- 

ond converging grating coupler for=ed on the opticai 
path of the parailel waveguide lighL The coupJer 71 
emits the waveguide light to a posicioa out of Lhc optical 
waveguide 62 and conv-.-ga onto the optical disc 1 
Reference omnerul 72 dc-.otcs a second beam spUr-- 
whicn IS arTai,ged betw---, the second waveguide less 

70 and the second converging grating couuler 71 acd 
separates the waveguide ligit which has be^ rcturr.e- 
mco the optical wav-guide 62 through the second cotT- 
verging grating coupler 71 after it had been rencctsd bv 
the optical disc 1. Ref-rsnce numeral 73 denotes a sec'- 
ond waveguide converging lens which is smnzcd on 
the opticai path of the return waveguide !ig.n: which has* • 
been separated by the second beam splitter 72 and con- 
verges the return waveg-jide lighL Reference aumcrai 
/4 denotes a second photo detector which is couoied -o 
Uic side sunaco of the opticai waveg'jide 62 and de'-a 
the return waveguide light converged by the second 
waveguide converging lens 73. 

A cur/e chirp grating of the first convergLig grating 
coupler 65 h2s been designed in a manner such -Jiat, fcr 
uutance. NA=0.45 and the emission light can be con- 
verged until a diffraction limit and che aberration due -o 
-the disc substrate of the -Jiickaess di can be corrected 
The second converging grating coupler 71 has been 
designed in a manner such aat. for ttampie. NA =0 3 
and ±e aberration due :o ±e disc substrate of U-.e thick- 
ness da can be corrected. 

The first and second beam splitters 66 acd 72 ar- 
atlachcd at positions which are deviated so that the 
reflected Ugnt of each beam ipiitter does not snter tb- 
other beam splitter as a stray liuht. 

Such an optical waveg-jfde "and a waveguide r/-- 
device have been described in dead in. for e.-;ampi''e, 
Nishinara, Jiarana, and Saihara, "Optical Ictezrat-- 
Circuit", Ohm Co., Ltd.. 153.<, or che like. In :r.: bve-' 
Uon. both of ±e above weil-known optical waveguid- 
and waveguide type devi- con be used in e<.= optical 
waveguide 62 or the like. 

Tne operation of -Jie opticai head in ihe fifth tmbod=- 
ment with -Jie above constr^c-Jon now be desc-bc- 
hcrein below. " ~ 

If the opticai disc 1 is -Jis .Vs: opticai disc -"nV— 
current is supplied to the rlr^t scmicotiduct'cr'iir 63* 
Then, the laser 63 emia a laser beam from sne edz- 
surrace of the optical wavsj-^ide 62 Tzc 'asc- b^- 
propagates is a wav--^cs :i:hL T^z waveg-Iics'-jght'!^ 
convered into the parailei Ugh: by the arse waveguide 
lens 6^. toe parallel light •,-ar.smits uhe ilr^t so lit- 
ter 66 and subsequently enter: -Jie fust coaverr-.-.g grat- 
ing coupler 65. Tac coupler 55 ^tnuns she parailel lig- 
out of the optical waveguide 51 and converges onto th- 
intormation track 200 on the first ootical disc 1. T- 
re.lected lignt from the disc sunaci again zr.ierz the 
optical waveguide 62 through ihe :lrst convcr^^.g zrat- 
mg coupler 65 and propagates as i .-etum waveguide 
Iignt in whe opposite dirscticn. r-j.-hc. th: rctarr 



